Abstract-Traumatic brain injury (TBI) is a major health problem in civilian, military, and veteran populations. Individuals experiencing moderate to severe TBI require a continuum of care involving acute hospitalization and postacute rehabilitation, including community reintegration and, one would hope, a return home to function as a productive member of the community. In the military, the goal is to help individuals with TBI return to active duty or make an optimal return to civilian life if the extent of their injuries necessitates a "medical board" discharge. Whether civilian, military, or veteran with TBI, individuals who move beyond the need to live in a facility must be reintegrated back into the community. This article discusses four treatment models for community reintegration, reviews treatment standardization and outcome issues, and describes a manualized rehabilitation pilot program designed to provide community reintegration and return to duty/work for civilians, veterans, and military personnel with TBI.
INTRODUCTION
Traumatic brain injury (TBI) has become a leading public health problem for civilians and the military. In the U.S. civilian population, 1.4 million individuals sustain TBI annually, resulting in 235,000 hospital admissions and 50,000 deaths [1] . Economically, the total impact of direct and indirect medical and other costs in 1995 dollars is reported to exceed $56 billion [2] . The Centers for Disease Control and Prevention estimate that long-term disability as a result of brain injuries (necessitating assistance with activities of daily living) affects 5.3 million Americans, with thousands more affected every year [3] .
Brain injury has always been a possible consequence of military duty. The frequency of TBI in the military and the need to develop new medical technologies to address the efficiency of evolving warfare have been instrumental in encouraging research and advancement of clinical care for TBI [4] . Recognition of the unique challenges of TBI in the military and the need to provide effective treatment approaches contributed to the development of the Defense and Veterans Brain Injury Center (DVBIC), established in 1992 (formerly known as the Defense and Veterans Head Injury Program). The DVBIC provides an integrated program to enhance clinical quality, research, and education across the military and veteran TBI treatment continuum, including community-integrated brain injury rehabilitation through its civilian partner, Virginia NeuroCare (VANC).
The professional and public focus on TBI in the military has dramatically increased with the rise of brain injuries in Operation Iraqi Freedom (OIF) and Operation Enduring Freedom in Afghanistan. With regard to OIF, the Office of the Surgeon General of the Army notes that 64 percent of wounded-in-action injuries are the result of blasts from improvised explosive devices (IEDs), rocketpropelled grenades, land mines, or mortar/artillery shells [5] . Given the improvements in protective helmets and the resultant reductions in penetrating head trauma, closed-head blast injuries have become the signature injury of these military operations [5] .
Many individuals who sustain TBI in military and civilian settings are treated and return to active duty, productive work and social roles, family responsibilities, and their premorbid lifestyle. However, some TBI survivors live with residual disability, have unmet care needs, or are initially unsuccessful in reentering home, military, vocational, and community life. Those TBI survivors at risk for unsatisfactory outcomes or with continued rehabilitation needs are candidates for community-integrated rehabilitation (CIR).
CIR is a broad term that encompasses various approaches and contexts (hospital, neurobehavioral facility, residential setting, home, and day programs) for treatment, supported by a gradually evolving body of observational and scientific evidence. Military personnel and veterans receiving CIR services through DVBIC and programs such as VANC will provide us with practical data for the continued development of a variety of postacute rehabilitation services [6] .
APPROACHES TO COMMUNITY-INTEGRATED REHABILITATION
CIR is one facet of postacute brain injury rehabilitation and generally includes a number of approaches that allow individuals with TBI to benefit from further rehabilitation after medical stability is established and initial acute (in-hospital) rehabilitation is completed. Typically, CIR does not include subacute brain injury rehabilitation programs that specialize in coma management or the treatment of behaviors that actively pose a risk of serious endangerment [7] . The most common delineation of CIR programs has followed the framework proposed by Malec and Basford [7] , including neurobehavioral programs, residential programs, comprehensive holistic (day treatment) programs, and home-based programs [6] [7] [8] [9] (Table) .
Neurobehavioral CIR programs have historically focused on treatment of mood, behavior, and executive function disorders, while ensuring supervision and safety in a residential, nonhospital setting. These programs focus on psychosocial outcomes, emphasizing application of behavioral principles and development of functional skills. Neurobehavioral CIR programs typically have interdisciplinary treatment teams (multiple professional disciplines involved in the development and implementation of coor-
Table.
Delineation of community-integrated rehabilitation models.
Model
Participant Characteristics Description Neurobehavioral Severe behavioral disturbances, require 24-hour supervision.
Residential setting, intensive behavioral management.
Residential Community Cannot participate as outpatients, require 24-hour supervision or support.
Residential setting with full community integration, comprehensive clinical team treatment.
Comprehensive Holistic Need for intensive services, benefit from improved awareness.
Day treatment programs, integrated, multimodal rehabilitation.
Home-Based Program
Able to reside at home, able to self-direct care.
Education and advisement, telephonic and Web-based support and services, home-based therapeutic activity, availability of outpatient supplemental services, highly variable. dinated care), include direct support personnel as therapeutic extenders, and are often led by neuropsychologists or behavior analysts [9] . Residential CIR programs were initially developed for individuals who not only required extended comprehensive TBI rehabilitation but also required 24-hour supervision or did not have access to adequate outpatient/day services. The homelike environment and staff support the skill development needed to negotiate everyday life, easing generalization across community environments.
A recent attempt to quantify the characteristics of residential CIR programs demonstrated a blurring line between such programs and neurobehavioral CIR programs or assisted-living facilities. A recent survey of residential CIR programs demonstrated the broad scope and acuity of this level of care, with 47 percent of participants using wheelchairs, 35 percent incontinent, 23 percent described as assaultive, and 63 percent identified as having severe TBI. Programs were highly variable in length of stay (0.13-288 months), staff-to-participant ratio (0.77-3.3), time from injury to admission (0.2-180 months), participants with no expectation of improvement (0%-50%), participants involved in nonprogram therapeutic activities (0%-100%), and amount of time involved in these activities (1.5-40 hours). As a result, the term "residential CIR" is virtually meaningless compared with earlier operational definitions and provides no standardized treatment elements [7] [8] 10] .
Comprehensive holistic day-treatment CIR programs provide a milieu-oriented, multimodal approach with a neuropsychological focus. Interventions target awareness, cognitive functions, social skills, and vocational preparation through individual, group, and familyinvolved interventions delivered by an interdisciplinary team [11] . These programs are among the most studied in the entire field of CIR, and while treatment guidelines are often site-specific, these programs are important facets of the rehabilitation continuum, providing observation, assessment, and dissemination of treatment techniques and intervention strategies [7, [11] [12] [13] .
Home-based CIR programs involve a highly variable degree of services and supports for the individual with TBI who is able to reside in a home environment. Typically, such individuals do not require 24-hour supports or supervision. Home-based CIR may include the spectrum of outpatient services commonly accessed through individual treatment providers, clinics, or minimal professional supports. Usually no identified "treatment team" exists, although collaboration across a number of health and social service systems may be evident [14] . Behavioral approaches using self-monitoring and cueing are employed, as well as models wherein family members or in-home paraprofessionals are engaged as therapeutic change agents. Additionally, home-based CIR involves participant education and the growing use of telephonic, Web-based, and technological aides [6, 8] .
EFFICACY OF COMMUNITY-INTEGRATED REHABILTATION

Community-Integrated Rehabilitation Program Outcome Overview
Community integration is typically identified as a desirable CIR outcome, although the construct has proven difficult to define and measure, because of lack of correlation between key community integration measures and measures of problem behavior or quality of life [15] [16] . Measures of CIR outcome often include individual goal attainment, functional abilities, vocational status, psychological status, cognitive functioning, subjective feelings of well-being, burden of care/resource needs, and items from the World Health Organization (WHO) International Classification of Functioning, Disability and Health (ICF) activity and participation domains (previously referred to as disability and handicap), which include health condition, bodily functions and structure, participation, activities, environment, and personal factors and their interactions [15, [17] [18] .
A recent Cochrane review of multidisciplinary rehabilitation summarizes that limited evidence exists for the effectiveness of "community-based multidisciplinary rehabilitation" [19] . Improvement in functional outcome on the level of WHO-ICF "activity" has been noted, but little support has been found for easing the burden of caregivers. The review excludes numerous CIR observational studies on methodological grounds, highlighting the need for further quality research and randomized controlled trials (RCTs) in this area [19] . The precursor to RCTs, development of standardized CIR treatment manuals, is also lacking in the literature.
The applied behavior analysis literature provides innumerable descriptions of neurobehavioral interventions, primarily analyzed through single-subject experimental designs. A thorough review article by Wood et al., addressing the postacute neurobehavioral CIR program literature, describes the difficulties of outcome analysis related to the blurring of program labels, categories, and definitions, while also pointing to positive observational outcome findings among severely injured survivors of TBI [9] . Primary positive outcomes reported include reduced social dependency, lower cost of care, and reduced care hours; however, vocational outcome was called "disappointing" [9] . RCTs and standardized CIR treatment manuals are not found in the neurobehavioral CIR program review literature.
With the broad diversity previously noted among residential CIR programs, generalization and applicability of research findings are very limited. One study comparing residential CIR with home-based CIR programs that included matched controls (severe TBI) demonstrated greater functional improvement for the residential CIR group, although this improvement was not reflected in community integration scores [8] . Focused home-based CIR program studies have yielded mixed results. Implementation of behaviorally focused treatment through a home-based CIR model in one study by Carnevale et al. did not reduce caregiver burden in a small community sample [20] , whereas Pace et al. found that a more interdisciplinary team-based model of intervention demonstrated a high rate of treatment outcome goals achieved and family/funder satisfaction [21] . In the latter study, no objective measures of functioning were reported and services provided were highly variable.
In another study of military personnel with TBI, Warden et al. found that participant outcomes from a self-directed home-based CIR model with participant education, instruction, and minimal professional involvement were comparable to those of participants served through a hospital-based cognitive rehabilitation program. Outcome measures of return to work; fitness for military duty; and cognitive, behavioral, and quality of life measures were similar between the home-based CIR and hospital-based cognitive rehabilitation groups. More detailed analyses of fitness for duty at 1 year indicated that the more severely injured participants fared better when treated in the hospital-based cognitive rehabilitation setting and the less severely injured participants fared better when treated at home [6] .
Comprehensive holistic/day-treatment CIR programs demonstrate the strongest research foundation, with recent RCTs supporting their efficacy [16] . Early comprehensive CIR program studies date back almost two decades [7, 11] and more references are found in the literature for this type of CIR program than any other. Unfortunately, most early studies are observational, without randomization or controls, and lack standardized approaches to treatment. In these early studies, comprehensive holistic/day-treatment CIR programs appear to produce gains that are maintained by most participants over time [22] , increase societal participation [12] , show better vocational outcomes [11] , and improve self-and family ratings [23] . Effectiveness of the comprehensive holistic/day-treatment CIR program model appears to have cross-cultural relevance, with positive outcomes observed outside of the more common sites of the United Kingdom and the United States, including recent studies in Japan [24] and Finland [25] .
In one of the few comprehensive holistic/day-treatment CIR studies with an RCT design, multidisciplinary community-based outreach and rehabilitation, compared with information only, was associated with significant improvement in level of functional activities, selforganization, and psychological well-being, as well as positive trends (without statistical significance) in personal care, mobility, and cognitive functions. No differential improvement was observed on measures of socialization, employment, anxiety, or depression [16] . Although most studies are observational, and randomization and controls are scarce, a body of evidence is growing that is based on pre-to postfunctional outcome assessments for treatment efficacy in the comprehensive holistic/day-treatment CIR program literature. Overall, functionally based rehabilitation in this day-treatment model shows promise to improve quality of life post-TBI.
Community-Integrated Rehabilitation Programs and Severity of Injury
Observational studies and matched-control designs demonstrate some benefits of CIR programs across the acuity continuum. The majority of individuals with mild TBI do not require comprehensive CIR, therefore few studies address this model. While not a comprehensive CIR study, Tiersky et al. found reduced anxiety and depression and improved cognitive functioning but no significant improvement in community integration scores in a randomized, wait list, control study of participants with mild TBI enrolled in a 3-day a week, 11-week long psychotherapy-and cognitive-remediation focused intervention model [26] . In another study by Cicerone et al., a mild-to-moderate TBI cohort demonstrated improved personal independence, neuropsychological test scores, and community integration following a comprehensive CIR program based on a holistic neuropsychological model compared with matched controls who received more typical outpatient rehabilitation. The comprehensive CIR program participants had greater improvement on measures of cognitive function and were twice as likely to demonstrate clinical benefit on a measure of community integration than the matched controls who received outpatient therapies [27] .
CIR programs have some support in the moderate-tosevere TBI literature, including remediation of neurobehavioral problems [9] and higher productivity based on ratings of activities [25] . However, mixed results were noted in a study of predominantly moderate-to-severe TBI patients versus controls that compared specialized team CIR with an interdisciplinary model of TBI rehabilitation to existing services available in various community settings in the United Kingdom [28] . None of the outcome measures was statistically significant and evidence was lacking for the efficacy of either the interdisciplinary CIR model or the available community services compared with the control group [28] .
Timing of Community-Integrated Rehabilitation
Compelling arguments for late CIR have been advanced from both neuroscience and clinical perspectives, including functional rehabilitation as a result of unmasking preexisting pathways and facilitating new relationships within and among neural networks [29] . Brain plasticity is viewed by many as a lifelong characteristic of the human brain, with the possibility of reorganization existing years after an injury. The literature regarding the "slow-to-recover" is well detailed elsewhere [30] . In the aforementioned comprehensive CIR program RCT, time since injury was unrelated to the magnitude of demonstrated gains [16] .
Early research of comprehensive CIR programs used individuals with static conditions many years following their injury. These individuals served as their own controls and demonstrated improvement with comprehensive CIR [7] . Treating individuals with brain injuries that occurred more than a year before they received CIR is common throughout the CIR literature, particularly for individuals with more severe injuries. In a study by Malec, participants 4.6 years postinjury (on average) demonstrated social benefit from a comprehensive holistic/day-treatment CIR program, with a mean treatment duration of 189.5 days [12] . Overall neuropsychological functioning and community integration scores improved in another comprehensive CIR program (focusing on cognitive rehabilitation) in which patients were 33.9 months postinjury (on average) with a mean treatment duration of 3.8 months [27] . A study comparing groups with severe TBI entering a comprehensive CIR program within 6 months of injury, between 6 and 12 months after injury, and 12 months postinjury observed comparable gains in degree of disability, independence, home skills, and productivity across all three groups [31] , further demonstrating the potential benefit from CIR during the extended postacute period.
EVIDENCE-BASED TREATMENT ISSUES
Challenges of Randomized Controlled Trials
The focus on RCTs as the "gold standard" raises significant ethical, scientific, and resource challenges in CIR research. While much of modern healthcare outside of CIR is also not supported by this gold standard, rehabilitation is particularly weak in its foundation, especially for CIR programs. The heterogeneity of CIR treatment models, lack of standardized treatment manuals, stages of treatment, time since injury, duration of treatment, context of services, goals/outcomes measured, and above all, the heterogeneity of TBI patients themselves, place significant burdens on research endeavors. The process of informed consent for individuals with cognitive impairments, many of whom may not be competent, also places limits on research. The length of time wherein the benefits of postacute rehabilitation may manifest themselves may be longer than the time most research grants fund or most researchers are able to endure. Additionally, RCTs are often plagued by small sample sizes due to recruitment challenges and availability of the defined TBI population for the CIR intervention being examined [32] [33] .
From an ethical standpoint, as increasing numbers of observational and methodologically weaker studies in TBI CIR provide an expanding body of evidence as to the benefit of treatment, no-treatment control groups, wait list controls, or standard (less effective) treatment control groups are increasingly difficult to justify. This ethical quandary is further compounded by the growing body of treatment evidence in related fields such as stroke rehabilitation. Additionally, even with developing TBI treatment RCTs and mounting observational evidence, such information is only effective when combined with the professional judgment and skill to make use of the research findings with any specific program participant [32] [33] [34] .
Research in TBI CIR is restricted by the lack of available funding, limited numbers of trained personnel, and much of the treatment occurring outside the medical model and the more typically funded medical-research and university-hospital systems. The previously mentioned problems with definition and standardization may forestall successful grant applications and wider recognition in the research world. A number of these challenges in TBI research are well described in a recent DVBIC article examining multicenter research that compares cognitive-didactic versus functional-experiential treatment approaches, including implications of applicable standards of care that may evolve over the course of a study or extend across all groups of participants, including controls; access to adequate numbers of participants given inclusion/exclusion criteria; areas of theoretical and practical overlap in treatment comparison studies; and the general issues of time, effort, and expense [35] .
Advancing knowledge regarding TBI CIR will require research models that systematically address various profiles of TBI (mild to severe, youth to elderly, etc.) and outcome goals of participants and clinicians, theoretical approaches and programmatic models, the treatment setting (hospital, CIR program types, in vivo), the timing of treatment and its variation by pattern of recovery and nature of injury, and the detailed well-defined methods through which interventions are provided and outcomes are measured. TBI rehabilitation is complex, and the process of unpacking the rehabilitation box to see what it has to offer is no small undertaking. The TBI rehabilitation debate regarding what we know thus far and steps for the future points to prioritizing treatment research models that are effective, efficient, and reflect the values and priorities of participants. With that in mind, CIR is a clear research priority.
Standardizing Clinical Research Through Treatment Manuals
Progress in developing an evidence base for CIR has been hampered by the diversity of definitions, varied approaches, and lack of systematic, detailed descriptions of actual treatment activities, thereby limiting options for replication, RCTs, and multicenter studies. Standardization of treatment for such an individualized treatment approach as brain injury CIR is onerous. However, similar processes have successfully led to extensive research in an equally complex and individualized arena, cognitivebehavior therapy (CBT) [36] [37] [38] .
The CBT treatment manual approach has been implemented and researched for many behavioral health conditions, including generalized anxiety disorder [39] , social phobia [40] , vocational rehabilitation in schizophrenia [41] , substance abuse [42] , mood disorders [43] [44] , domestic violence [45] , and anger management [46] , among others. CBT treatment manuals have also been used in behavioral medicine, providing treatment for medically complicated problems such as erectile dysfunction [47] , eating disorders and obesity [48] [49] [50] , chronic fatigue [51] , irritable bowel syndrome [52] , chronic pain [53] , and tic disorders [54] . Such CBT treatment manuals have even been targeted to specific treatment populations, including prisoners [42] , low-income and minority groups [43] [44] , and persons with developmental disabilities [46] . Thus, the treatment manual model holds significant potential to advance clinical research in TBI CIR, because the approach has both the structure and flexibility to address the many important factors of such an endeavor.
Development and Implementation of TBI CommunityIntegrated Rehabilitation for Military Personnel
The valuable clinical research characteristics identified early in DVBIC's history (homogeneity, available records, infrastructure, multisite, outcomes measurement, tracking) [4] provide an optimal foundation for CIR research through VANC, a DVBIC core civilian partner program with a long history of CIR focus and expertise. VANC's Neurobehavioral CIR Pilot Clinical Research Project develops and implements educational and treatment interventions with VANC program participants from the military and veteran populations who have suffered mild, moderate, and severe TBI, primarily from combatrelated IED blast forces and motor vehicle accidents. These military personnel with TBI have benefited from acute medical intervention and acute and/or subacute rehabilitation hospitalization at other DVBIC facilities, and they have progressed to where they hope to benefit from treatment at the VANC residential and day-treatment program aimed at community reentry and focused on the unique needs of military and veteran populations, such as readjustment to civilian life, balancing military and family relationships, risk for posttraumatic stress disorder (PTSD), and other factors.
The military and veteran program participants at VANC are typically several months post-TBI and have made substantial recovery, yet they still suffer mild-tomoderate neurobehavioral deficits typically associated with frontal and temporal lobe dysfunction and executive dyscontrol. These participants are still in the active stages of recovery and no longer require acute medical intervention, but they may have balance problems, ataxia, coordination impairment, impaired activities of daily living, memory difficulties, attentional problems, fatigue, problematic initiation and motivation, irritability, frustration, depression, sleep disturbance, poor judgment, impulsiveness, anosognosia, organizational problems, speech difficulties, poor anger control and socialization skills, general cognitive dysfunction, and family or work stress, as well as PTSD.
VANC has developed and has been testing the components of a formalized 12-week pilot day program to address most of these issues through education, functional therapeutic interventions, CBT procedures, group therapy and discussions, and individual treatment. The program is divided into 12 standardized educational and group interaction modules, followed by individual and group therapy sessions and functional implementation. Each of the 12 modules will include a detailed manual that facilitates replication, RCTs, multicenter work, treatment component analyses, and eventual dissemination as indicated across the DVBIC, military, and veteran systems and the civilian rehabilitation community at large. Initial module development is based on a review of the scientific literature, clinical judgment and expertise, and initial program participant feedback and historical outcomes. These educational and group sessions modules include-
• Introduction: Exploring the problems and initial evaluations.
• Wellness: Stress, fatigue, pain management, and relaxation.
• Wellness: Coordination, flexibility, exercise, nutrition, and sleep. • Focusing attention.
• Time management.
• Memory: How to compensate.
• Maximizing memory in functional environments.
• Organizing daily life and daily living skills.
• Problem solving, awareness, judgment, safety, and impulsivity. • Social interaction: Cognitive and emotional changes (depression, anxiety, irritability, and anger management).
• Social interaction: Assertiveness/picking up the pieces.
• Review and synthesis. Refinement and implementation of the above sessions/modules will be followed by individual and small group therapy sessions with physical therapy, occupational therapy, speech therapy, cognitive therapy, psychological counseling, and vocational counseling. Work on all the above issues is practiced and enhanced within the broad context of community reentry and VANC's real-life volunteerism, clubhouse membership, supported-work experiences, transportation skill development, community navigation, laundry, shopping, budgeting, banking, and meal preparation. The definitions and descriptions of this enriched environment and therapeutic milieu are articulated in the relevant module treatment manuals. All program content is structured, documented, and developed into a standard manual format to facilitate clinical research and staff training, as well as the transfer and generalization of this program to other settings.
Pre-and postprogram assessments, with measures such as the Scale of Independent Behavior-Revised [55] , the Disability Rating Scale [56] , the Beck Depression Inventory [57] , the Community Integration Questionnaire [58] , the Neurobehavioral Rating Scale [59] , the Judgment and Safety Screening Inventory [60] , the Mayo Portland Adaptability Inventory [12] , the Brain Injury Community Rehabilitation Outcome-39 [16] , and the European Brain Injury Questionnaire [61] , program participant satisfaction scales, and quality-of-life scales, are used for evaluating progress and outcome, both for individual program participant information and further treatment planning, and for assessing programmatic efficacy. Postdischarge follow-up data, including residential and occupational outcomes and participant feedback, are also solicited and will be analyzed for further refinement of the model, treatment manuals, and staff training tools.
CONCLUSIONS
Military and civilian patients with moderate to severe brain injuries require a continuum of care that involves acute hospitalization and postacute rehabilitation, including community reintegration and hopefully a return to duty and function as productive members of their respective communities. Many treatment models for community reintegration exist; however, the evidence for effectiveness of these programs is limited because of lack of standardization of intervention strategies and limited controlled outcome research. By tracking effective approaches to treating servicemen and women who have experienced brain injuries in the course of their duties, VANC hopes to delineate the most cost-effective and standardized strategies for use in military, veteran, and civilian populations. This article describes a manualized TBI rehabilitation pilot program designed to provide community reintegration and assist individuals with TBI to return to duty and work. Such programs are critical if we are to meet the ever-escalating needs of our military, veteran, and civilian populations with TBI.
